Abstract. In this article, the definition of weight functions of a light shield at the intersection of the bullet in different field areas of shield registration is considered. The signal definition at the input of an optical sensor at the intersection of the bullet of a light shield is viewed. The research results can be used in considering the facts that can influence on the error estimation of the coordinate determination when a bullet hits the target.
Introduction
An information-measuring system (IMS) for small arms measuring contains an indestructible light target built with the application of light shields. The shields of a light target are placed at different angles concerning a plane registration (a paper target). A light shield consists from an illuminator and an optical sensor located on opposite sides from the sheaf of trajectories of the bullets. An optical sensor includes an amplifier-filter and a photo detector. An optical sensor sets the moment of the intersection of the bullet of light shield. A light target is used for the evaluation of the coordinates and . The error estimation of the coordinate measurement depends on the error estimation of time measurement of flight of the bullet screens. In the article, weight functions of a light shield and the signal at the input of an optical sensor are considered.
Weight functions of light shield
To determinate the time of the bullet flight through a light shield, light shields with the work on a negative contrast are used [1] . In the Fig. 1 these is the scheme of a light shield with slit diaphragms from the side of the light source and the receiver side [2] . The axis is horizontal, the axis is vertical and the axis is parallel to a fire line. In the projection of a light shield on the plane the registration area of the bullet flight places in the area of high values and one can consider that the value of shielded energy in this sector changes abruptly.
For the scheme of a light shield, these designations are accepted: -coordinate system related to slit receiver ; -coordinate system related to slit emitter ; -coordinates of the elementary platform of the bullet = · in the coordinate system of the receiver; 2 ×2 -the size of slit diaphragm of the receiver; 2 ×2 -the size of slit diaphragm of the emitter; -straight line connecting the point ( , , ) of the element with the elements and on slit diaphragms; -the angle between the axis and a straight line . -the distance from the slit diaphragm of the receiver before slit diaphragm of the emitter .
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-the distance from the slit diaphragm of the receiver before the element . The length of the slit diaphragm of the receiver 2 is significantly smaller than the slit diaphragm of the emitter 2 and the distance . Now we introduce the definition of the weight function of a light shield. For this purpose, we consider a point signal from a point emission source. The position of the point emission source can be set using angular coordinates shown in the Fig. 2 , where -the angle of rotation around the axis , -the angle of rotation around the axis , or for small angles practically around the axis , -the point emission source, -the straight line from the origin coordinate to the point emission source .
We present a point signal in the form of spatial delta-function [3] [4] [5] [6] :
where = • , -the brightness of the emitter, ( − , − ) -the delta-function, , -the initial values of the angle of rotation. The delta-function satisfies the normalization condition:
and has filter characteristics:
The projections of the point (Fig. 2) on the coordinate system for small angles , can be written as:
i.e. for a fixed distance of the point from the beginning of the coordinates under = const instead of angular coordinates of the point we can view its Cartesian coordinates. Then instead (1) we get a spatial -function:
The response of the system to -function is its weight function. Under the weight function we understand the change of the energy flow on the photo detector due to exposure of a point source or an elementary platform that is parallel to the platform of the photo detector. The arguments of a weight function we consider (Fig. 2 ) the position coordinates of a point source or an elementary platform with the area in a light plane, coinciding with the plane , and coordinate movement of source or platforms along the normal to a light plane.
In case = , where -speed movement along the normal to a light plane, -time, we go to a weight function, as a function of time.
We consider the dependence of the quality of shielded energy at the intersection of the bullets of a light shield for value series of a vertical coordinate . For this purpose in the Fig. 3 the projection of a light shield on the plane is demonstrated. We consider that the length of the bullet is enough for the overlap of the thickness of a locking plane with the work on a negative contrast. In the Fig. 3 lines , ; -, ; , -and -, -divide a light shield into the areas 1, 2, 3, moreover the area 3 consists of symmetric areas 3' and 3". The point, separating 1, 2, has a coordinate:
Since ≪ , then ≪ , then the length of the area 1 is small and it is near the site of the receiver. The registration area of the bullet flight, based on test requirements, has to be big enough along the axes and . In practice, the registration area never puts in the area 1 on the plane . So, weight functions of a light shield in the plane are considered only for sufficiently large values of the coordinate , relating to the areas 2 and 3.
Then the value of shielded energy is proportional to the length of the segment ′. Based on similarity of triangles in the area 2, we find the length of the segment by the formula:
where -the length of the projection ′ of the segment on the line of the emitter, -the distance from the receiver to the emitter, -the lateral coordinate of the bullet hit in a light shield. Now we find the value of light flow of shielded energy in the area 2 by the formula [7, 8] :
β where -the brightness of the emitter:
For small values of the angle , cos can be equal to one. Under the condition of the full bullet overlap of a light flow on the axis , the width of the platforms and determines the width of the diaphragms 2 and 2 correspondingly. Then:
The dependence of Ф on determines the dependence of cos on (Eq. (9)). The dependence of Ф on determines the dependence of = 2 on (Eq. (7)). For small values of the angle , cos can be equal to one, (cos ≈ 1,0). Then the value of the shielded emission is:
Then the value of shielded energy weakly depends on the value of a vertical coordinate of the bullet.
We consider the definition of weight functions of a light shield in the case when a bullet hits different areas of the shield. For this purpose, we take the projection of a light shield on the plane (Fig. 4) . A light shield is divided into four areas: 1, 2, 3', 3" and at the same time all the areas are working ones.
A weight function of the shield, when the bullet moves along the axis parallel to fire line in the area 1 (Fig. 4) , has the form of the trapezium and is determined by the formula:
where:
for < < . At the intersection of the bullets of the area 2 ( Fig. 4 ) a weight function of the shield has the form of the trapezium and is determined by the formula:
where = 16 − 1 , > , а , , and are determined by the Eq. (14)- (17).
At the intersection of the bullets of the area, when = (Fig. 4) a weight function of a light shield has a triangular form and is determined by the Eq. (19):
where , are determined by the Eq. (5), (8) for = . From the analysis of weight functions we have that the value ( ) does not depend on the coordinate in the area 1 and has a quadratic dependence in the area 2. The expansion of the area 1 can be reached by the increase due to increase and/or decrease .
The signal definition at the input of optical sensor
As a result of the analysis, weight functions of a light shield can have a following form (Fig. 5) : a) A weight function of a rectangular form with a constant value that does not depend on the coordinates of the bullet flight ( Fig. 5(a) ).
b) A weight function in the form of a trapezium with a constant value that does not depend on the coordinates of the bullet flight (Fig. 5(b) ).
c) A weight function of a triangular form (Fig. 5(c) ). d) A weight function in the form of a trapezium with a constant value that does not depend on the coordinates of the bullet flight ( Fig. 5(d) ).
e) A weight function of a rectangular form with a constant value that does not depend on the coordinates of the bullet flight ( Fig. 5(e) ). We get the bullet with a small diameter value that we can omit compared with a bullet length and sizes of registration area of a light shield. The signal at the input of an optical sensor is the result of the convolution of a weight function of a light shield with the value of the bullet projection to normal to a light plane , received from the part of the bullet length and entered in the plane by the formula:
In the case of an infinitely thin light shield (a shield can be presented in the form of a plane (Fig. 6(а) ), the signal at the input of an optical sensor (Fig. 6(c) ) is determined by the Eq. (21):
where -the bullet length, is determined by the Eq. (13). The signal has a rectangular form. In the case of a light shied when we cannot neglect its thickness as compared to the bullet length ( Fig. 7(а) ), the signal at the input of an optical sensor (Fig. 7(c) ) is determined by the formula:
where 0 < ℎ < ≤ , ℎ -the thickness of a light shield, is determined by the Eq. (13) . A weight function of a light shield is rectangular. The signal at the input of an optical sensor has the form of a trapezium. In the case when the thickness of a light shield depends on the coordinate (Fig. 8(а) ), a weight function of a light shield has a rectangular form (Fig. 8(b) ). A bullet moves along the normal to a middle line of a blocking plane. The signal at the input of an optical sensor has the form of a trapezium ( Fig. 8(d) ). A signal duration changes when changes according to a shield thickness ℎ, that is determined by the formula:
where ( ) = (ℎ − ℎ ) ( ) + ℎ , ( ) = (ℎ − ℎ ) ( ) + ℎ , 0 < ℎ < ≤ . In the case when the thickness of a light shield depends on the coordinate when the bullet moves under the angle (Fig. 9(а) ), a weight function of a light shield has a rectangular form (Fig. 9(b) ). The signal at the input of an optical sensor is divided into three linearly varying parts (Fig. 9(а) ) by the formula:
In the case when the bullet length is smaller than the thickness of a blocking plane, a signal level, entering the input of an optical sensor, decreases.
In the case of weight functions presented in the Fig. 5 (b)-5(d), the dependence of an optical sensor from the coordinate is determined by a quadratic equation [9] and the pattern of change from is nonlinear. 
Results
Alight shield has a finite width. The width of a light shield depends on the length of the emitter, the length of a sensitive area of an optical sensor, the width of the diaphragm of the emitter and The kind of a signal, entering the input of an optical sensor, is determined by the convolution of a weight function of a light shield and the bullet shadow. The bullet shadow is the function of change of light flow at the intersection of the bullets of light shield.
For a thin bullet, when we can neglect its diameter, the kind of a signal at the input of the sensor depends on maximum energy, blocked by a bullet at the intersection of a light shield; the thickness of the shield; the law of change of the shield thickness as a function of the distance to the emitter (receiver) and the angle of the intersection of the bullets of this shield.
In the case of a rectangle weight function signal fronts have a linear character. For a trapezium weight function, the fronts of an energy signal at the input of the sensor has a parabolic form with a smooth signal change at the beginning and at the end of the formation of the front and recession. This signal form substantially complicates the evaluation of the starting and final positions of a signal in any situations when you can hear noise.
For the evaluation of a valid signal at the input of an optical sensor, it is necessary to take into consideration a bullet shadow both on the normal to a light shield and to a light shield. As a whole, a signal at the input of an optical sensor is determined by the set of parameters. They are the angle of nutation and the procession of the bullet, the angle of the course and the pitch shot, coordinates of the intersection of the bullets of a blocking plane , , , angles of inclination of blocking planes, the size and form of the bullet shadow. The connection between listed angular parameters is determined by nonlinear equations. The equations that define a bullet shadow are also nonlinear. Weight functions of light shields depend on the coordinates. In a general sense, the equations of convolution of weight functions with a bullet shadow should be considered as parametric.
Conclusions
We suppose that the results we obtain can be used during the consideration than can influence on the error estimation of the determination of time moment at the intersection of the bullets of light shield and on the error estimation of the determination of coordinates when a bullet hits the target.
